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PROPERTIES OF BLOOM'S TAXONOMY
aAfter making allowances for the fa more than once in the total item pool.
ct that some items effectively occurred plausible that the number of judges is itself an important factor in determining the percentage of the items on which there is perfect agreement. Fairbrother (1975) gave the number of judges who assigned each item to the different categories, and for each item reported the results of a Kolmogorov-Smirnov test that was carried out to determine whether the frequency distribution of the assignments differed significantly from that which would be expected if the items had been classified purely on a random basis-i.e., equal numbers of assignments to each category. In the two tests there were 17 and 7 items respectively for which the null hypothesis could be rejected at the 1 percent level; at the 10 percent level there were 24 and 9 items respectively.
The only investigation concerned with the ability of judges to assign items to the subcategories was carried out by Stanley and Bolton (1957) , who chose their judges from a class of 46 graduate education students who had been studying the taxonomy over a period of four weeks. The top eight students on the basis of Terman's Concept Mastery Test 305 SEDDON REVIEW OF EDUCATIONAL RESEARCH classified 227 items covering a variety of subject-matter areas and educational levels. In a second experiment the top 11 students classified 44 specimen items from a Graduate Record Examination covering social science, natural science, verbal ability, and quantitative ability. In the first experiment the percentages of the items for which there were 8, 7, 6, 5, 4, 3, and 2 agreements respectively were 5, 13, 17, 17, 21, 19, and 8. When only the main categories were considered, the extent of the agreement was considerably better. However, Stanley and Bolton did not provide any statistical details; they merely reported that the agreement was "by no means perfect." For the second experiment the results for each subtest were presented as the average number of agreements per item-i.e., social science, 4.2; humanities, 5.5; natural science, 3.4; verbal ability, 8.0; and quantitative ability, 9.0.
In appraising the results of their respective experiments, the various authors came to rather different conclusions about the reliability of the judge's assignments. Scannell and Stellwagen (1960) concluded that there is a "reasonable degree of accuracy" (p. 13). Stoker and Kropp (1964) stated that their judges "can assign items to the appropriate categories with some accuracy" (p. 40). Stanley and Bolton (1957) pointed to the considerably better agreement in the case of ability as opposed to achievement items but concluded that "there seems to be enough agreement among graduate students independently classifying test items to warrant the regular analysis of teacher-made and standardized tests" (p. 634). On the other hand, Fairbrother (1975) and Poole (1971 Poole ( , 1972 both emphasized the observed general lack of agreement.
As mentioned previously, an obvious and important difference between Fairbrother's experiment and the other experiments was the number of judges taking part in the classification exercise. Also, although not being drawn at random, Fairbrother's judges were almost certainly more representative of a meaningful population of educators (i.e., schoolteachers) than those used in the other experiments. In fact, from the details provided in the actual reports, it is most unlikely that the judges taking part in the other experiments were representative of any population of educators who might wish to communicate with each other about the nature of the educational objectives or items being considered. It is therefore likely that Fairbrother's results and conclusions are the most generalizable to real-life educational contexts.
Psychological Issues
There are two basic psychological issues relevant to the properties of the taxonomy. One concerns the relationship between objectives belonging to different categories within the same subject-matter area. The other concerns the relationship between objectives belonging to the same category in different subject-matter areas.
Within one subject-matter area the ordering of the categories was based on the notion of complexity, and Bloom considered that in these items the categories do have a definite relationship.
As the taxonomy is now organised, it contains six major classes: In this respect the postulated properties of categories of objectives within one narrow subject-matter area are those of a set of variables that constitute a simplex-i.e., a set of variables that differ only in terms of the degree of their complexity rather than in content (Guttman, 1953) .
In describing the relationship between objectives of the same category in different subject-matter areas, Bloom postulated the existence of "arts and skills" which pervade all subject-matter areas. Thus an educational objective would be classified as an ability on the one hand, or an art or skill on the other, according to wheher or not specialized or technical information is required. It also follows that two objectives corresponding to the same categories from different subject-matter areas involve the same set of arts or skills. The objectives would differ only because of differences in the specialized or technical information corresponding to the two subject-matter areas. Thus in Guttman's (1953) terminology objectives or test items from the same taxonomic category in different subject-matter areas constitute a circumplex; i.e., they have the same degree of complexity and differ among themselves only in terms of the content.
The overall structure, as conceived by Bloom, of the psychological relationship between objectives from different categories and different subject matter areas is one in which the objectives differ among themselves simultaneously in both degree of complexity and kind of subject-matter area; in Guttman's terminology they constitute a radex.
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The existence of these hypothetical psychological relationships lends itself to direct experimental investigation, since the scores on variables comprising a simplex, circumplex, or radex have definite and characteristic statistical properties. For example, on moving progressively up a simplex from the least complex variablej to the most complex variable n through variables of intermediate complexity k, Guttman has demonstrated that the correlation coefficients rjk etc. have the following relationship rn = rkrkn,
where (j < k) thus, rjn < rkn.
Furthermore, if a multiple regression equation is constructed in order to predict the score on variable n from a linear combination of the scores on the lower variables in the simplex, 
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Hence, evidence in favour of the validity of the claims of the taxonomy must demonstrate that the factor structure associated with items from each category in different subject-matter areas is of the form illustrated above.
In considering the observational conditions required to investigate the validity of the claimed properties, Kropp, Stoker, and Bashaw (1966) contended that "it is mandatory to equalize content knowledge over subjects (i.e., students)" (p. 71). In attempting to achieve this equalization they recommended that the experiment should incorporate a specified reading passage or self-instructional programme that the students take before answering the test. If this equalization is not done, Kropp et al. argue that there will be errors in interpreting the results, because "incorrect products [answers to questions] will result not from the use of wrong process but from a lack of subject matter knowledge on which the process should operate" (p. 71). However, the existence of variation per se in content knowledge will merely imply that the scores on the content factors have nonzero variance. It will not prevent the confirmatory cumulative, hierarchical factor pattern from being observed. Hence from this point of view the incorporation of a reading passage is not necessary-even if one could be produced that did equalize content knowledge successfully. Kropp et al. also argued that equality of content knowledge is necessary in order to reduce the probability that different students will use different processes to answer the same questions. This aim is certainly desirable from the point of the experiment, but it is not clear how or why equality of content knowledge across students will necessarily achieve it. For example, it is quite possible that students having equal scores on a particular content factor will use different processes to answer the same question. However, it does seem plausible that the orientating effects-as opposed to any equalizing effects-of a preliminary reading passage or selfinstructional programme will predispose the students to attempt to answer a question in a particular way, regardless of whether or not it reduces the variation in content knowledge or not. In fact, only the investigations by and Stedman (1973) have adopted this procedure. Thus Kropp and Stoker prefaced each test with a reading passage of 600-900 words, and Stedman used a selfinstructional programme of 93 frames.
In practice, the various researches into the validity of the properties have not all investigated every claim. At one level the investigations have been concerned with the validity of the postulated cumulative hierarchical relationship between the categories. At another level the investigations have also examined the claim that the processes transcend all subject-matter areas. These different aspects will now be considered separately.
Order of Complexity
Of all the investigations that have studied this particular issue the most notable and comprehensive is that of , who carried out their experiment with students from grades 9, 10, 11, and 12 in ten Florida secondary schools. The experiment used four specially The results of a hierarchical syndrome analysis. , the resulting order of complexity consistently placed the Knowledge category in a different position from that obtained in simplex analysis. Moreover, when simplex analysis would support the existence of a cumulative hierarchy, hierarchical syndrome analysis would not necessarily do so. In particular, if simplex analysis were applied to the correlation matrix in Table 2 , it would support the existence of a cumulative hierarchical relationship between the variables 1 -6, whereas Figure 2 shows that hierarchical syndrome analysis would not. Conversely, in Figure 1 , which shows the results of a hierarchical syndrome analysis supporting a cumulative hierarchical relationship, the relationship between categories 1, 2, 3 is such that r,, is greater than r13, and r12 is greater than r23. However, this same graph would have been obtained no matter which of the two correlations r,1 and r23 were the greater. On the other hand simplex analysis would demand that r13 be less than r23 before it could be concluded that the order given for variables 1, 2, 3 represented a cumulative hierarchy. Now since the cumulative hierarchical relationships postulated within the Bloom Taxonomy are couched unambiguously in terms of a simplex, any alternative method of statistical analysis that does not give rise to the same conclusions as simplex analysis cannot be appropriate for investigating the existence of these properties. Hence the results of Smith's (1968 Smith's ( , 1970 argued that in their experiment item complexity and item difficulty must be positively correlated as a result of their attempts to equalize knowledge of content for all students. However, even if this equalization were actually achieved, it would ensure that the variance of only the content factor scores were zero, and as Guttman (1953) Poole applied multiple group factor analysis (Harman, 1960) to the items within each of two tests entitled "Social Change" and "Freedom and Equality," respectively. If the claimed properties of the taxonomy were valid, Poole expected to find that each group of items would form its own factor and correlate most highly with it. While Poole did not provide any statistical details, he stated that the obtained factor structure did not fit this pattern. applied principal components analysis to the results of those students who had taken each of their four tests, previously described. Their aim was to see if it were possible to isolate process factors that characterized each category across all four tests in the cumulative hierarchical pattern depicted by equations (5). Within each grade, the analysis was based on a 24 x 24 correlation matrix in which each variable was one subtest corresponding to a different combination of Bloom category and type of test. In obtaining this matrix, Kropp and Stoker found that the number of examinees contributing to each correlation coefficient varied, but in all cases the number exceeded 750. In each case the final interpretation was carried out on the unrotated matrix for the first six principal components.
For example, when Smith (1968) applied hierarchical syndrome analysis to the correlation matrices of
Over the four grades, the analysis produced a general factor having positive loadings on all the variables, together with bipolar factors that were interpreted as being pure process factors operating across content, pure content factors operating across processes, or mixed processcontent factors operating within a particular combination of process and content. The factor structure differed from that which was expected in that the process factors did not have the cumulative hierarchical pattern illustrated in equations (5). Also, they were usually associated with more than one Bloom category. For example, in each of these factors, two or more of the subtests, Knowledge, Synthesis and Evalua-315 SEDDON REVIEW OF EDUCATIONAL RESEARCH tion, were always in opposition to Comprehension, Application, or Analysis. Kropp and Stoker concluded that both the existence and consistent nature of factors, which are primarily determined by processes, offer some support for the transcendence hypothesis (p. 103). However, they also felt that the presence of the joint process-content factors tended to discredit it (p. 109).
In appraising the significance of these factor analytic studies, it must be borne in mind that in each case the computational algorithms were predetermined solely by mathematical considerations, and not by the nature of the psychological theory that was being investigated. In such cases unrotated factors can obscure the validity of a theory even when the raw data fit it. For example, Table 2 shows that the unrotated principal components of a simplex do not have the cumulative hierarchical pattern. However, as Table 2 also shows, when all possible pairs of principal components are suitably rotated the required factor pattern of a simplex can be obtained. Consequently, it would have been rather surprising if the unrotated factors produced by Poole (1971 Poole ( , 1972 and had been of such a pattern as to provide immediate support for the theory. By the same token, the existence of a bipolar factor consistently associated with a particular set of categories across content does not, as Kropp and Stoker suggest, provide any support for the theory, unless these factors can be rotated to produce process factors each of which is associated with one category across all content. In conclusion, the results of the factor analyses described above provide neither confirmatory nor disconfirmatory evidence for the theory.
Kropp and Stoker (1966, 109-110) were evidently well aware of the difficulties of using unrotated factors to investigate the validity of the transcendence hypothesis. Consequently, as an alternative method of analysis they examined the correlation matrices containing subtests corresponding to the same categories from all tests to see if they had the properties expected for an equally spaced perfect circumplex-a special form of circumplex in which the totals of the columns in the correlation matrix are equal (Guttman, 1953, pp. 328-329) . Over each grade and category, none of the matrices conformed exactly to these properties although many of them approximated very closely. Kropp and Stoker implied that the observed deviations may be due to sampling errors. They also pointed out that in these circumstances it is difficult to provide convincing evidence as to the existence of an equally spaced perfect circumplex, since its sampling properties are not known. Nevertheless, Kropp and Stoker concluded that their results supported the transcendence hypothesis to some extent (p. 109).
Stoker and Kropp (1971) subsequently applied Guttman-Lingoes smallest space analysis (Guttman, 1968; Lingoes, 1965) to their own correlation matrices for all the subtests from the four main tests. The end product of these analyses was a set of graphs in which the subtests are represented as points in two-dimensional space, and the distance between any two points reflects the extent of the correlation between the two corresponding subtests. 
Conclusions
In making an overall assessment of the validity of Bloom's claims, it is important to remember that the claims concerning the psychological properties of the different categories presuppose that objectives and test items can be classified correctly in the first place. Thus the psychological issues can be assessed only after a consideration of the educational issues.
Educational Issues
If, as was suggested previously, the results of Fairbrother (1975) are those that relate most closely to a practical educational setting, they are a most disturbing reflection of the extent to which the taxonomy facilitates communication. The rather sanguine conclusions reached by some of the other workers are therefore most misleading.
However, it is probable that experiments that set out to evaluate the usefulness of the taxonomy in such absolute terms are not those which 319 SEDDON REVIEW OF EDUCATIONAL RESEARCH are going to be of most practical use. It seems unlikely that any single taxonomy will ever provide a means of universal perfect understanding with any population of educators. Hence it would seem more relevant to try to find out which taxonomy is the best, although imperfect, means of communication. It is therefore suggested that further experiments should compare the extent of the agreement between judges using Bloom's taxonomy with that obtained using other taxonomies, e.g., Gagne (1965) , Ebel (1965) , Walbesser (1965), Merrill (1971) .
Psychological Issues
In considering the experiments investigating the psychological issues, much of the discussion concerned problems in the choice or application of various statistical procedures. On the question of the existence of a cumulative hierarchy, several of the techniques used were found to be inappropriate, and the conclusions that had been based on these techniques were therefore considered to be invalid. On the question of the transcendence of the processes, all the statistical techniques used were considered to be appropriate in theory, but in each case it appears that not enough is known about how these techniques should be applied in practice. Hence none of the experiments investigating this issue provides a definite answer.
The most meaningful conclusions concerning the cumulative hierarchy are to be derived from the simplex analysis of and the multiple regression analyses of Madaus et al. (1973) . Both investigations concluded that in Bloom's theory the categories Knowledge, Comprehension, Application, and Analysis were in the correct relative order, but that Synthesis and Evaluation were not correctly placed. In the study by Kropp and Stoker, the conclusions concerning the relative order of complexity for the categories Knowledge, Comprehension, Application, and Analysis were based on statistical tests designed to determine the order of the categories that best fitted the characteristics of a simplex. Since in practice these tests will actually produce a "best" order from correlation matrices that have no simplex properties, the tests cannot be used to prove that a simplex actually exists. Such proof can be obtained only from a visual inspection of the correlation matrices. For the matrices of Kropp and Stoker, it is clear that in 5 out of 16 cases the correlation coefficients for the categories Knowledge, Comprehension, Application, and Analysis do not have the required properties. The observed deviations may be due to sampling fluctuations, but in the absence of suitable significance tests it is necessary to exercise due caution in drawing conclusions regarding the simplex properties of these four categories. Hence the conclusion of Kropp and Stoker pnust be seen as an approximate overall generalization that contains exceptions. Similarly, the conclusions of Madaus et al. relating to the same four categories were based on average rather than consistent effects observed for all tests and all grades, and if these important qualifications are not stressed, the conclusions once again could be misleading. Notwithstanding these points concerning the order of the first four categories of Bloom's taxonomy, the suggestion by Madaus et al. that the taxonomy has a Y-shaped structure is a very interesting
